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INTRODUCTION
The Fossil record indicates that the Camelidae family originated and developed in western North America, spread by way of land bridges into Asia and South America and finally became extinct in its original homeland. In the old world, we find the Genus Camelus represented by two extant species; the Bactrian camel or Camelus bactrianus (two-humped camel) and the Arabian camel or Camelus dromedarius (one-humped camel). These two species are much larger in size than any of the four species of the Genus Lama (or Auchenia) that live in South America: the llama (Lama glama), alpaca (Lama pacos), guanaco (Lama guanicoe) and vicuna (Vicugna vicugna) .
The two-humped camel is found primarily in Central Asia and the onehumped dromedary lives mostly in South-Western Asia and Northern Africa. In both areas, as 'ships of the desert' these animals are of great value to the people who inhabit the drier portions of Asia and Africa. The primary uses of 4 C. JVovoa camels are for transport of goods and passengers in desert and semi-desert areas. Wool, milk, skin and meat are by-products of this main function.
The four species of the Genus Lama resemble one another in structure but they differ in size, range, pelage, temperament and usefulness to man. The llama is in common use by highland natives from northern Peru to northern Chile and Argentina for carrying burdens. Trains of llamas travelling long distances over the Andean highlands, descend westward to the arid coast and eastward to the low humid jungles. Llamas vary much in size, but the usual weight is about 200 lb, considerably more than an alpaca and twice as much as a vicuna. Alpacas resemble llamas in colour and they are kept primarily as producers of wool, though they are of importance in meat production. They thrive only in Peru and Bolivia and only at elevations above 12,500 ft, the level of lake Titicaca.
In contrast to the llama and alpaca, which have been domesticated for centuries, the vicuna and guanaco are wild animals. Guanacos look much like llamas but the colour of their coat is a fairly uniform reddish-brown. Although guanacos range from the highest grasslands to sea level, they are rather scarce throughout the range of the other Auchenia and are most abundant near the southern tip of South America. Adults are of little commercial value but the hides of the very young are prized by the natives for the manufacture of robes.
The phylogenetic classification of the Auchenia seems to be indeterminate, at least on the basis of structural criteria. Of the group, the llama and guanaco are the most similar, but the vicuna, although resembling the alpaca in some characteristics, is the most distinct. It has been variously classified as specifically subgenerically or generically separate from the other Auchenia. The characteris¬ tic, unique among living artiodactyls, that best supports generic separation of the vicuna is its peculiar lower incisors. These are very long and parallel-sided, with enamel only on one face, and an open root (Miller, 1924) . In contrast to these rodent-like incisors, those of the llama are short and wedge-shaped with enamel on both faces and a closed root. Another characteristic that distinguishes the vicuna from the other Auchenia is the bib of long hair which hangs from its brisket. This hair is white, like the rest of the under parts and contrasts strongly with the dark buffy-brown hue of the upper parts. As their wool is the finest known, and as their hides and meat are prized by the natives of the Andean highlands, vicunas have been hunted for centuries and the species is threatened with extinction in many parts of its range.
Very little attention has been paid to the breeding of these species and many aspects of reproduction are awaiting research. Maintenance of a high level of reproduction in livestock is essential not only for profitable production but also for maximum opportunity for selection. Thus, the breeding of these animals is extremely important for economic reasons, and its improvement can greatly contribute to the health and economy of the people living in the Camelidae (Leese, 1927) . According to Yasin & Wahid (1957) , in Pakistan, the female camel first mated at 4 years of age and would breed until she was 30 years old; the males were used for breeding at 6 years and continued to 15 to 20 years. In Somaliland, the male camel usually arrived at the age of puberty when 5 years old (Mares, 1954) .
In Russia, observations on the Bactrian camel showed that both males and females were first mated at 4 years. Each male served some ten females per year (Terentjev, 1951) . Domesticated vicunas were reported to be capable of reproduction at 1 year of age (Romero, 1927) , but wild vicunas might not be fertile until they were several months older. Apparently the fertility of yearling females was low in the wild (Koford, 1957) . Copulation by yearling vicuna males would rarely be successful in the wild for if one of them approached the females of a band he would be driven off by the dominant family male. In addition, because of his smaller size, a yearling male would seem to be unable to copulate efficiently with an adult female. Furthermore, the testes of a male about 16 months old were judged to be inactive but the testes of a 2-year-old were actively producing spermatozoa (Koford, 1957) .
On haciendas in Peru, alpacas and vicunas are not usually bred until they are 2 years old. At la Raya (Granja Experimental de Auquenidos Puno-Peru), those females with faster growth rate are said to reproduce when they are 1 year old.
There is no information about factors affecting the age of puberty in Cameli¬ dae. In farm animals, on the other hand, the season of birth affects age of puberty mainly in seasonal breeders, in which reproduction is photoperiodically controlled. The age and body weight at which oestrus and conception first occur are less in sheep born in the spring and greater in the animals born in the summer (Hafez, 1952; Watson & Gamble, 1961) . In pigs, the effect of season at birth on the age and weight at puberty is a controversial subject (Robertson, Crummer, Casida & Chapman, 1951; Self, Crummer & Casida, 1955) as a result of breed differences in the body weight at puberty, genotypic interactions in hybrids and differences in the degree of adaptability of the breeds. In general, spring-farrowed gilts tend to reach puberty earlier and to weigh more at puberty than do autumn-farrowed gilts (Sorensen, Thomas & Gossett, 1961; Zimmerman, Spies, Rigor, Self & Casida, 1960) . Cattle reached puberty at an average age of 13 months at 27°C , and at 10 months at 10°C (Dale, Ragsdale & Chang, 1959) . Delay in the puberty of farm animals in the tropics was attributed to a much slower growth rate, and it was suggested that puberty occurs at a certain threshold of body weight (Hafez, 1952 (Mares, 1954) . In India, sexual activity is from November to February (Singh & Prakash, 1964; Hira, 1947 (Charnot, 1963a, b) , the rutting season is in winter and spring. During this period, the male camel shows an important development of the interstitial testicular cells and an increase in one secondary sexual characteristic: the expansion of the soft palate, which protrudes from the mouth during sexual excitement. Shalash (1965) (Zuckerman, 1952-53) .
Observations on the domesticated Bactrian camel in Russia (Bosaev, 1938) showed that this species was poly-oestrous, having cycles all the year round, but the wild Bactrian camel appeared to be a seasonal breeder. Bannikov (1945) (Heape, 1901) . Moreover, all the Bactrian camels which have been bred in the London Zoological Gardens, were born in March and April (Zuckerman, 1952-53 (Brown, 1936; Zuckerman, 1952-53) . Births Lama guanicoe have been recorded in the London Zoological Gardens during May, June and September and of Lama pacos from January to August (Zuckerman, 1952-53) , the incidence of births varying with the month of the year.
No information is available for the rutting season in Auchenia. Some evidence exists that sexual activity in alpacas (Fernández Baca, (Dutt & Bush, 1955) and genetic factors (Hafez, 1952) , while sexual activity in the camel has been associated with the longest days (Williamson & Payne, 1959) , and pasture condition and 8 C.
nutrition (Leese, 1927; Bodenheimer, 1954) Yasin & Wahid (1957) , however, heat lasted 21 days and could be recognized by restlessness, swelling and discharge from the vulva. In well-fed females, oestrus could recur as early as 1 month after parturition but generally it was delayed for about a year, although occasionally it occurred much sooner (Williamson & Payne, 1959) . According to Mares (1954) and Yasin & Wahid (1957) , heat occurred 14 to 25 days after calving.
The length of the oestrous cycle in the Bactrian camel also appears to be variable. Bosaev (1938) found that the intervals between heats varied from 10 to 20 days and sometimes 30 to 40 days. He stated that parous females tended to have longer periods of heat than virgin ones. He also noted that even preg¬ nant females continued to show behavioural heat throughout the year until parturition. Barmincev (1939) stated that the mean cycle length in the Bac¬ trian camel was about 14 days and post partum heat was experienced either the day after calving or, more rarely, after 2 to 3 days. The suckling females came into heat regularly but the duration was shorter than in the dry camel.
Recent studies carried out by Shalash (1965) showed that the corpus luteum in the dromedary was formed only during pregnancy and in a few cases where the cervix was patent. The Although this latter 'organ' is present in both sexes, it is never extruded in the female (Leese, 1927 (Leese, 1927; Pocock, 1910) . Before copulation, the male tries to make the female sit down by biting her shoulders and by applying pressure on her neck with his own. During copulation, both sexes adopt a squatting posture and the male grips the female with his forelegs. Copulation lasts for 7 to 20 min (Leese, 1927; Yasin & Wahid, 1957; Singh & Prakash, 1964 Barmincev (1939) found that the mean duration of pregnancy in 850 cases was 406 days, calculated from the last mating. From a single mating, the mean was 410 days. Mehta, Prakash & Singh (1962) Ovaries. Lesbre (1903) described the ovary in the camel as having the gross shape of a pear or nut with many ovisacs on its surface. Leese (1927) described Reproduction in Camelidae 13 the ovary as a flattened organ measuring about 2-5 cm in length. Asdell (1946) noted the length of the Graafian follicle as 1 to 1-5 cm which, when fully mature, attained a size of 2-5 to 3 cm. The best account of camel ovaries was given by Tayeb (1950) , who described a reddish, flattened, lobulated organ with a circular outline. The presence of numerous follicles on the surface gave it the appearance of a bunch of grapes. The lateral and medial surfaces were slightly convex, and the hilus somewhat straight. The ovary was enclosed in a long, conical, pocket-like fold of mesosalpinx, the bursa ovarii. The apex of this bursa formed a large circular orifice within which lay the fimbriae of the oviduct.
The circular shape of the ovary is subjected to many variations during pregnancy depending on the size, position and form of the corpus luteum. During pregnancy, the corpus luteum was a soft, flabby, laterally-compressed sphere, protruding wholly from the ovary's surface and it retained its size, weight (see Table 4 ), shape and position but changed its colour (Shalash, 1965) .
Oviduct. The oviduct in the camel is 25 to 28 cm long. The isthmus is less coiled than the ampulla and the ovarian part of the Fallopian tube. The fimbriae lie in the bursa at a short distance from the ovary. The lumen of the ampulla is 4 to 5 cm in diameter at its ovarian opening in the depths of the fimbriae. The lumen of the isthmus is 1 to 2 mm in diameter. Each oviduct opens into the uterine horns by a narrow orifice at the summit of a papilla 3 to 4 mm in height (Tayeb, 1953) .
Uterus. The uterus of the camel is of bicornuate type and is large enough to occupy a position which is mostly abdominal but partly pelvic. Its upper sur¬ face is convex while its lower surface is flat. The body of the uterus is relatively short. The cornua are intimately united in their caudal portions. The diver¬ gence of the anterior portions is characterized by forming a T-shape with the uterine body rather than a Y-shape. The right cornu is shorter than the left one. The mucous membrane of the uterine body and both cornua are smooth and present no cotyledons (Lesbre, 1903; Leese, 1927; Tayeb, 1953; Barmintsev, 1951; Shalash, 1965) .
Cervix. The cervix bears ridges arranged in three or four rows. The cervical canal protrudes about one centimetre posteriorly into the vagina forming two blind cavities, one situated dorsally and the other ventrally. The size of the ridges varies with the stage of the ovarian activity. The average length and diameter of the cervical canal during follicular activity was 5-32 + 0-98 and 5-96 + 0-92 cm, respectively, while during ovarian inactivity, the length and diameter were found to be 4-96+ 1-25 and 5-79 + 0-99 cm, respectively (Shalash, 1965) .
Placentae. Savi (1843) was the first to note that the foetal placenta in the dromedary was diffuse in nature, as in the mare, and not cotyledonous as in other ruminants. He described the thick chorionic membrane in the dromedary as being covered with short, shrub-like tendrils, or villi, in which arteriovenous connections sometimes occurred. He considered, on these and other taxonomic points, that camels were more closely related to pachyderms than to ruminants. Owen (1866-68) also noted the diffuse nature of the placentae in Camelidae.
Meschia, Prystowsky, Hellegers, Huckabee, Metcalfe & Barron (1960) examined llama placentae in situ and found that they were epithelio-chorial in type. Morton (1961) found the microscopic appearance of llama, Bactrian camel and dromedary placentae and the arrangement of the amniotic and allantoic membranes were essentially similar in the three species. The presence of the diffusely scattered, plicated, villous tufts arranged in areas of varying density was also similar, except that, in the llama, a more definite bare area was present along the lesser curve of the chorion. Microscopical examinations revealed that the three Camelidae placentae are analogous in appearance to those of the pig and horse at full term. Bustinza (1961) described the L. pacos placentae as diffuse epitheliochorial.
Histology
Sections through the camel ovary reveal the same structures as in other domestic animals. Tayeb (1950) noted a close resemblance to that of the sow, except in lobulation which is flattened in the camel and globular in the sow. Shalash (1965) (Shalash, 1965) .
Before ovulation, the vaginal histology of the alpaca (L. pacos) in oestrus showed a similarity to that found in other domestic animals. However, the vaginal epithelium in the alpaca reflected persistence of the oestrogenic phase, even for 13 days after ovulation (Silva Santisteban, 1961) . Studies on the uterine endometrium correlated with the preceding observation. Fuertes Quispe (1961) studied the histology of the uterine endometrium of the alpaca in oestrus and found an analogous picture to that of other animals during the follicular phase. This oestrogen-stimulated uterine endometrium persisted for 7 to 10 days after ovulation. Fuertes also found that the corpus luteum of preg¬ nancy reached a size of about 1 -5 cm 5 days after ovulation and remained so for an unknown period (not less than 10 days). Signs of secretory activity were seen between 7 and 10 days after ovulation; this was also the time when the reproductive tract showed progestational changes. As in the camel, follicles at varying stages of development were seen in the presence of active corpora lutea.
In the ovaries of 1-year-old alpacas, some indications showing the possibility of oocyte formation during adult life have been found. The ovaries of year-old alpacas treated with gonadotrophins showed higher mitotic activity and larger numbers of primary follicles than normal. The ovaries of the animals treated with the highest doses of gonadotrophins contained polyovular follicles (San Martin, De La Vega & Consales, 1960) .
Physiology Shalash (1965) found ovulation rate in the camel to be much higher in the left ovary than in the right; the difference being 12-92%. Similar results were obtained by Tayeb (1953) and Barmintsev ( 1951 (Tayeb, 1951-52) is available.
The testes of camels are ovoid in shape and are found in the scrotum in a perineal position as in the dog (Lesbre, 1903) . The length of the long axis and weight of the camel testes vary in animals older than 3 years, from 2-8 to 4 in. and from 80 to 110 g, respectively (Tayeb, 1951-52) . Each testis is located in its pouch, lying obliquely to the vertical axis. The anterior edge is nearly straight and is linked with the epididymis. The posterior edge is free and con¬ vex, and the inferior and superior extremities are rounded.
The epididymis is formed on the anterior edge of the testis, extending from the inferior extremity to just above the upper edge. The head of the epididymis is joined to the testis. The spermatic cord is 18 to 20 in. long, and is enlarged at its point of issue at the inferior extremity in association with the venous pampiniform plexus. The deferent duct is flexed except at the end where it enters the urethra.
According to Lesbre (1903) and Leese (1927) , the camel penis showed a close resemblance to that of the bull. Tayeb (1951-52) agreed with the pre¬ ceding authors as regards shape and structure, but stated that the camel penis differed from that of the bull in the shape of the glans. In the former, it was like a crochet-needle and in the latter, like a sharp needle. Moreover, in the camel penis, the sigmoid flexure was pre-scrotal whereas, in the bull, it was postscrotal.
The prepuce was pendulous and was formed by two layers, parietal and visceral. Between these two layers, three groups of muscles were found : the anterior muscles, or protractors of Lesbre ; the posterior muscles, or retractors of Lesbre; and the lateral muscles. The fibres of these muscles joined to form a conical mass around the preputial orifice. Due to the action of these muscles, the prepuce could be moved onwards or backwards during erection or urina¬ tion respectively. These muscles also controlled dilatation and constriction of the preputial orifice (Tayeb, 1951-52) . Lesbre (1903) noted the accessory sex organs in the camel and mentioned the presence of Cowper's glands and a prostate gland, but did not find seminal vesicles. Leese (1927) confirmed the absence of seminal vesicles. Tayeb (Bodenheimer, 1954) . Similar results were obtained by Charnot (1964) .
Histological studies on the epididymis, deferent duct and accessory glands of the alpaca (L. pacos) showed some differences between this species and others such as horse and cow. Osorio & San Martin (1966) found the deferent duct in the alpaca had a muscular layer divided into two strata, whilst other domes¬ tic mammals have three strata in their muscular layer. In both gross and microscopic studies, they did not find seminal vesicles. Acidophilic concre¬ tions, not seen in other species, were found in the prostate and the ampulla of the vas deferens. The prostate gave a negative, or weak-positive, reaction to the Mayer's mucicarmine stain, while the Cowper's glands gave a strong positive response to the same stain.
Physiology
Analysis of 17-keto steroids in male camel urine over a 24-hr period showed that the level was higher in spring than in summer (Charnot, 1958) . The neurosecretory cells of the anterior pituitary gland were more active when sexual activity began than during sexual rest (Santini, 1964) . The alpha LH-secreting cells and beta FSH-secreting cells of the anterior hypophysis of the male camel were hyperactive in the rutting male and hypo-active during sexual rest (Charnot & Racadot, 1963) .
INFERTILITY
The fertilization rate in camel is extremely low as compared with that of other domestic mammals, and observations in Peru show that on most alpaca farms fertility is only 50%. In 1964, in Russia, 100 female camels yielded only thirty-seven to forty-three young (Yuzlikaev & Akhmediev, 1965) . Similar results are found in other countries, but little is known about this problem. Barmintsev (1951) found that though female camels came into heat and were repeatedly mated, no follicles could be palpated. Infertility was attributed to the failure of follicle development. Yuzlikaev & Akhmediev (1965) PMSG has also been tested successfully in increasing sheep fertility (Nalbandov, 1964) . The purpose of using pmsg in sheep was to find out if raising the ovula¬ tion rate, and increasing the number of eggs fertilized, would increase the number that implant. The results indicated that it was indeed possible to increase the fertility of sheep significantly by the injection of pmsg.
Embryonic mortality appears to be another cause of low fertility in the camel. In recording numbers of corpora lutea, Shalash (1965) found 12-45% of animals had two or three corpora lutea and yet the incidence of twins or triplets was only 0-13%. Tayeb (1953) believed that the presence of two corpora lutea with a single foetus indicated the death of one of the ova. Anatomical abnormalities in the females are also important ; in the camel, these were noted as the main cause of total infertility (Shalash & Nawito, 1963) .
Superovulation has been recorded in alpacas (L. pacos). The percentage varied among the groups under observation, from 5-5 to 22·2%, and yet no case of twins or triplets has so far been recorded (Fernández Baca, 1967 
